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(57)Abstract: 





PURPOSE: To provide a practical and novel structure in which 
a blue light- emitting element using gallium nitride compound 
semiconductor can be formed to emit a high-output light 
CONSTITUTION: A blue light-emitting element comprises a 
gallium nitride compound semiconductor in which an n-type 
Ga1-aAlaN (0<z<1) layer as a first clad layer, an n-type 
InXGa1-XN (where X is set to 0<X<0.5) layer containing Si of a 
concentration of 1 x 1017-1 x 1021/cm3 as a light-emitting 
layer formed thereon and a p-type Gax-bAlbN (0<b<1) layer 
containing Mg of a concentration of 1 x 1018-1 x 1021/cm3 as 
a second clad layer formed thereon are sequentially laminated. 
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* NOTICES * ' 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 -**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ^ 
[Claim(s)] 

[Claim 1] As the first cladding layer, an n mold Ga1-aAlaN (0<=a<1) layer, The n mold InXGa1-XN (however, X 
0< X<0.5) layer which has Si concentration in the range of 1x1017 to 1x1021-/cm3 as a luminous layer on it, 
The blue light emitting device characterized by providing the gallium nitride system compound semiconductor 
with which the laminating of the p mold Ga1-bAlbN (0<=b<1) layer which has Mg concentration in the range of 
1x1018 to 1x1021-/cm3 as the second cladding layer on it was carried out to order. 

[Claim 2] The thickness of said n mold InXGa1-XN layer is a blue light emitting device according to claim 1 
characterized by being the range of 1 0A - 0.5 micrometers. 

[Claim 3] The thickness of said p mold Ga1-bAlbN (0<=b<1) layer is a blue light emitting device according to 
claim 1 characterized by being the range of 0.05 micrometers - 1.5 micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the structure of the blue light emitting device which started 
the blue light emitting device used for blue light emitting diode, blue laser diode, etc., especially used the 
gallium nitride system compound semiconductor. 
[0002] 

[Description of the Prior Art] Gallium nitride system compound semiconductors, such as gallium nitride (GaN), 
an indium nitride gallium (InGaN), and gallium nitride aluminum (GaAIN), attract attention as a practical 
semiconductor material used for the blue light emitting device of luminescence devices, such as blue diode and 
a blue laser diode. 

[0003] As a blue light emitting device using the gallium nitride system compound semiconductor by which the 
conventional proposal is made, the thing of the structure shown in drawing 2 is known well. This has the 
structure where p mold GaN layer 5' was first made the n mold GaN layer 3 buffer layer 2' which consists of 
AIN on a substrate 1, and on it, and the laminating was carried out to order on it. Sapphire is usually used for 
the substrate 1. By forming buffer layer 2* which consists of AIN, the operation which improves the 
crystallinity of the gallium nitride system compound semiconductor which carries out a laminating is on it as 
indicated by JP.63-188983.A. Si or germanium is usually doped by the n mold GaN layer, although Mg or Zn is 
usually doped by p mold GaN layer 5', since crystallinity is bad, it does not become but p mold is almost close 
to an insulator — high — it is i mold [ **** ]. moreover, i mold — low — in JP.2-42770.A, the technique of 
performing electron beam irradiation on a front face is indicated as a means to change into p mold [ **** ]. 
[0004] 

[Problem(s) to be Solved by the Invention] Generally, since the light emitting device of such gay junction has 
the low radiant power output, it is not practical. In order to increase a radiant power output and to consider as 
a practical light emitting device, it is necessary to make preferably [ it is desirable and ] the light emitting 
device using a gallium nitride system compound semiconductor into double hetero structure to a single hetero 
and a pan. For example, to double, although the gallium nitride system compound semiconductor element of 
terrorism structure is shown in JP.4-209577A by the light emitting device indicated by this official report, it 
is lacking in practicality and there is a fault that luminous efficiency is bad. 

[0005] Therefore, this invention is made in view of such a situation, and offers the structure practical and new 
moreover which can do the blue light emitting device using a gallium nitride system compound semiconductor 
with a high radiant power output. 
[0006] 

[Means for Solving the Problem] as a result of repeating much experiments about the blue light emitting device 
of terrorism structure to double, by combining the n mold InGaN layer which doped Si of the amount of 
specification to the luminous layer, and the GaN layer which doped Mg of the amount of specification to the 
cladding layer, we newly find out that the radiant power output of a blue light emitting device is markedly alike, 
and improves, and came to accomplish this invention. The blue light emitting device of this invention as the 
first cladding layer Namely, an n mold Ga1-aAlaN (0<=a<1) layer. The n mold InXGa1-XN (however, X 0< 
X<0.5) layer which has Si concentration in the range of 1x1017 to 1x1021-/cm3 as a luminous layer on it. The 
p mold Ga1-bAlbN (0<=b<1) layer which has Mg concentration in the range of 1x1018 to 1x1021-/cm3 as the 
second cladding layer on it is characterized by providing the gallium nitride system compound semiconductor 
by which the laminating was carried out to order. 

[0007] One structure of the blue light emitting device of this invention is shown in drawing 1 . As for the buffer 
layer which 1 becomes from a substrate and 2 becomes from GaN, and 3, an n mold InXGa1-XN layer and 5 
are p mold GaN layers an n mold GaN layer and 4, 3, 4, and 5 have double hetero structure by which the 
laminating was carried out to order, and, for the n mold GaN layer 3, the first cladding layer and the n mold 
InXGa1-XN layer 4 are [ a luminous layer and the p mold GaN layer 5 ] the second cladding layer. 
[0008] Although a substrate 1 can use ingredients, such as sapphire, and SiC, ZnO, sapphire is usually used. A 
buffer layer 2 can be formed by AIN, GaAIN, GaN, etc., and is formed by the thickness which is usually 0.002 
micrometers - 0.5 micrometers. The direction formed by GaN can carry out the laminating of the crystalline 
good gallium nitride system compound semiconductor on a buffer layer more preferably than AIN. It is 
indicating to JP.4-297023.A for which we applied previously about the effectiveness of this GaN buffer layer. 
The gallium nitride system compound semiconductor the buffer layer which consists of GaN excelled 
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[ compound semiconductor ] the conventional AIN buffer layer in crystallinity in the case of silicon on sapphire 
is obtained. The crystallinity of the gallium nitride system compound semiconductor on a buffer layer can be 
raised by first growing up the buffer layer which has the same presentation as the gallium nitride system 
compound semiconductor which it is going to grow up still more preferably at low temperature on silicon on 
sapphire. 

[0009] Although there is a property in which a non dope also serves as n mold, the n mold GaN layer 3 dopes 
n mold impurities, such as Si and germanium, for example, is good also as a desirable n mold, and does not limit 
especially the concentration of Si and germanium. Moreover, this n type GaN of Ga [ a part of ] can also be 
permuted with aluminum (namely, Ga1-aAlaN,.0<=a<1).« 

[0010] Next, the Si dope n mold InXGa1-XN layer 4 can be grown up by using the carrier gas of material gas 
as nitrogen by metal-organic chemical vapor deposition at the growth temperature of 600 degrees C or more 
and 900 degrees C or less. In mixed-crystal ratio, i.e., X value, of InXGa1-XN grown up — the range of 0< 
X<0.5 — it is necessary to acjjust to the range of 0.05< X<0.5 preferably Since the luminescent color will turn 
into yellow if the n mold InXGa1-XN layer 4 acts as a luminous layer and becomes 0.5 or more by making 
[ more ] it than 0, it cannot be used as a blue light emitting device, furthermore, n mold dopant of this n mold 
InXGa1-XN layer 4 — Si — it is necessary to carry out — moreover — Si concentration — the range of 
1x1017 to 1x102Wcm3 — it is necessary to adjust to 1x1018 to 1x1020~/cm3 preferably Thereby, the 
luminous efficiency of a blue light emitting device can be increased. 

[0011] Moreover, as for the Si dope n mold InXGa1-XN layer 4. it is still more preferably desirable to form by 
the thickness of 0.01 micrometers - 0.1 micrometers 10A - 0.5 micrometers. When it is thinner than 10A or 
thicker than 0.5 micrometers, it is in the inclination for sufficient radiant power output not to be obtained. 
[0012] Moreover, it is necessary to set p mold dopant of the p mold GaN layer 5 to Mg, and to adjust Mg 
concentration to the range of 1x1018 to 1x1021-/cm3. By making the p mold GaN layer of this Mg density 
range into the second cladding layer, the luminous efficiency of the n mold InXGa1-XN layer 4 can be raised 
further. Moreover, GaAIN which permuted a part of the Ga with aluminum like [ the p mold GaN layer 5 ] the n 
mold GaN3 can be used (namely, Ga1-bAlbN, 0<=b<1). 

[0013] moreover, the thing for which annealing is performed at the temperature of 400 degrees C or more, and 
desirable temperature higher than 600 degrees C as it indicated to Japanese Patent Application No. No. 
357046 [ three to ] for which we applied previously after growth, since the p mold GaN layer 5 which doped Mg 
was still high resistance — further — low — it can consider as p mold [ **** ]. As for the thickness of the p 
mold GaN layer 5, it is desirable to form by the thickness of 0.05 micrometers - 1.5 micrometers. If thinner 
than 0.05 micrometers, it will be hard to act as a cladding layer, and when thicker than 1.5 micrometers, it is in 
the inclination which is hard to form by said approach into p mold. 
[0014] 

[Function] In the blue light emitting device of the structure of drawing 1 , drawing 3 is drawing showing the 
relation of the Si concentration and relative luminescence reinforcement of a blue light emitting device, when 
Mg concentration of the Mg dope p mold GaN layer which is the second cladding layer is fixed with 1x1019- 
/cm3 and n mold In0.1Ga0.9N layer Si concentration which is a luminous layer is changed. Luminescence 
reinforcement becomes large, luminescence reinforcement becomes large most in the 1x1018 to 1x1020-/cm3 
neighborhood, and the rest tends to decrease in number gradually as are shown in this drawing and Si 
concentration increases. In this invention, Si concentration of 1x1017 to 1x1021-/cm3 which has 90% or more 
of relative intensity as a practical use region was made into the limited value. 

[0015] Moreover, similarly, drawing 4 is drawing showing the relation of the Mg concentration and relative 
luminescence reinforcement of a blue light emitting device, when n mold In0.1Ga0.9N layer Si concentration 
which is a luminous layer is fixed with 1x1019-/cm3 in the blue light emitting device of the structure of 
drawing 1 and Mg concentration of the Mg dope p mold GaN layer which is the second cladding layer is 
changed. As shown in this drawing, when a Mg dope p mold GaN layer is made into the second cladding layer, if 
Mg concentration exceeds the 1x1017-/cm3 neighborhood, luminescence reinforcement will increase rapidly, 
and when the 1x1021-/cm3 neighborhood is exceeded, it is in the inclination which decreases rapidly again. 
Therefore, Mg concentration of a Mg dope p mold GaN layer made the limited value 1x1018 to 1x1021-/cm3 
from drawing 4 . In addition, Si concentration and Mg concentration are measured by SIMS (secondary-ion- 
mass-spectroscopy equipment). 

[0016] Furthermore, dra.Mnjg._5 is drawing showing the relation between the Si dope n mold In0.1Ga0.9N layer 
thickness which is a luminous layer, and the relative luminescence reinforcement of the light emitting device in 
the light emitting device of the structure of drawing 1 similarly. Thus, luminescence reinforcement changes by 
changing the thickness of a luminous layer in the blue light emitting device of this invention. When especially 
the thickness exceeds 0.5 micrometers, it is in the inclination which decreases rapidly. Therefore, the 
thickness of a luminous layer has the desirable range of 1 0A - 0.5 micrometers which has 90% or more of 
relative luminescence reinforcement. 
[0017] 

[Example] Below by metal-organic chemical vapor deposition, how to manufacture the blue light emitting 
device of this invention is stated. 

[0018] [Example 1] After setting the silicon on sapphire often washed first in a reaction container and 
permuting the inside of a reaction container enough from hydrogen, hydrogen raises the temperature of a 
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substrate to 1050 degrees C with a sink, and silicon on sapphire is cleaned. 

[0019] Then, temperature is lowered to 510 degrees C, hydrogen is used as carrier gas, ammonia (NH3) and 
TMG (trimethylgallium) are used as material gas, and a GaN buffer layer is grown up by about 200A thickness 
on silicon on sapphire. 

[0020] Only TMG is stopped after buffer layer growth and temperature is raised to 1030 degrees C. If it 
becomes 1030 degrees C, similarly 4 micrometers of Si dope n mold GaN layers will be grown up as the first 
cladding layer by TMG, silane gas (SiH4), and ammonia gas by making hydrogen into carrier gas. 
[0021] Material gas is made as a stop after n mold GaN layer growth, temperature is made into 800 degrees C, 
carrier gas is changed to nitrogen, and the 100A n mold InO.15GaO.85N layer which doped Si 1x1020-/cm3 as a 
luminous layer by TMG, TMI (trimethylindium), silane gas, and ammonia gas is grown up as material gas. 
[0022] Material gas grows up a stop and 0.8 micrometers of p mold GaN layers which temperature was again 
raised to 1020 degrees C, and doped Mg 2x1020-/cm3 as the second cladding layer by TMG, Cp2Mg 
(magnesium cyclopentadienyl), and ammonia gas after Si dope n mold In0.15Ga0.85 N layer growth. 
[0023] A substrate is picked out from a reaction container after p mold GaN layer growth, annealing equipment 
performs the inside of nitrogen-gas-atmosphere mind, annealing is performed for 20 minutes at 700 degrees C, 
and the p mold GaN layer of the maximum upper layer is further formed into low resistance. 
[0024] After having removed a part of p mold GaN layer of the blue light emitting device obtained as 
mentioned above, and n mold InO.15GaO.85N by etching, having exposed the n mold GaN layer, preparing the 
ohmic electrode in the p mold GaN layer and the n mold GaN layer and cutting into the chip of 500- 
micrometer angle, when it considered as light emitting diode according to the conventional method, the radiant 
power output was 200 microwatts in 20mA, and peak wavelength was 405nm. 

[0025] In the [example 2] example 1, a 2-micrometer Si dope n mold Ga0.9aluminum0.1N layer is grown up in 
the process into which the first cladding layer is grown up, using TMG, silane gas, ammonia, and TMA 
(trimethylaluminum) as material gas. 

[0026] 100A of n mold InO.15GaO.85N luminous layers which doped Si 1x1020-/cm3 like the example 1 on the 
Si dope n mold GaO.9aluminumO.1N layer is grown up. 

[0027] Furthermore, TMG, Cp2Mg, ammonia gas, and TMA gas are used as material gas on an Si dope n mold 
In0.15Ga0.85N layer, and the 0.8-micrometer p mold Ga0.9aluminum0.1N layer which doped Mg 2x1020-/cm3 
as the second cladding layer is grown up. 

[0028] After the rest performed annealing like the example 1 and formed the maximum upper layer into low 
resistance further, when it was similarly used as light emitting diode, it was the same as that of an example 1 
also with a radiant power output and peak wavelength. 

[0029] In the [example 1 of comparison] example 1, although made [ many ] the flow rate of silane gas, and n 
mold InO.15GaO.85N layer Si concentration which is a luminous layer was set to 1x1022-/cm3 and also blue 
light emitting diode was obtained like the example 1, there was no radiant power output of this light emitting 
diode at about 20% of the example 1. 

[0030] In the [example 2 of comparison] example 1, although lessened the flow rate of Cp2Mg gas, and Mg 
concentration of the p mold GaN layer which is the second cladding layer was set to 1x1017-/cm3 and also 
blue light emitting diode was obtained like the example 1, there was no output of this light emitting diode at 
about 10% of the example 1. 
[0031] 

[Effect of the Invention] As explained above, since the blue light emitting device of this invention is made into 
the double hetero structure which made the p mold GaN layer or GaAIN layer which doped Mg of a luminous 
layer and the amount of specification for the n mold InXGa1-XN layer (0< X<0.5) which doped Si of the first 
cladding layer and the amount of specification for the n mold GaN layer or the GaAIN layer the second 
cladding layer, it can obtain a blue luminescence device with very high luminous efficiency. 
[0032] On the other hand, since the light emitting device of the conventional gay junction emits light through 
the deep luminescence pin centerjarge made with Zn of a p mold GaN layer. Mg, etc., it has about about 60nm 
of luminescence full width at half maximum, and it is very wide. However, since the light emitting device of 
terrorism structure uses luminescence between bands of an n mold InGaN layer for the double of this 
invention, half-value width is very narrow, is about 25nm, and is below one half of the light emitting device of 
gay junction. Moreover, a 4 or more-time radiant power output occurs as compared with the thing of gay 
junction. And it has the advantage that the luminescent color is changeable from about 380nm to 500nm, by 
setting preferably to 0.05< X<0.5 the range of mole-ratio X of In of InXGa1-XN which is a luminous layer 
[0033] Since the blue light emitting device of this invention has the outstanding effectiveness described above, 
it is excellent in dependability, and it can be applied also to blue laser diode, and the utility value on the 
industry is very large. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

prayyinfijj The type section Fig. showing one structure of the blue light emitting device of this invention. 
[Drawing 2] The type section Fig. showing one structure of the conventional blue light emitting device 
[Drawing 3] Drawing showing the relation of the Si concentration and the relative luminescence reinforcement 
of a blue light emitting device of the n mold InXGal -XN layer concerning the blue light emitting device of this 
invention. 

[ Drawing 4] Drawing showing the relation of the Mg concentration and the relative luminescence reinforcement 
of a blue light emitting device of the p mold GaN layer concerning the blue light emitting device of this 
invention. 

[ Drawing 5] Drawing showing the relation between the Si dope InO.1GaO.9N layer thickness concerning the blue 
light emitting device of this invention, and the relative luminescence reinforcement of the light emitting device. 

[Description of Notations] 
1 Substrate 

2 GaN buffer layer 

3 n mold GaN layer 

4 Si dope n mold InXGal -XN layer 

5 Mg dope p mold GaN layer 
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so [0009] ±!B^ltt> lfb-f>-/7A^y 



5 

7A(In, Can N : 0<x<l) TMBdtSft«o 
±£%ft«£In, Can N(0<x<0. 5) TJB 

Cooio] ±K5gJWtt, l o*>7*xho-A&^ ■ 

O^'yhm 0. 0 5/imSl'Ll. 5/im©Jp£ 

[ooi i] ±mm»mmm®m<D^t>(Dt 

fcjW*U^. *«W©**»56)W?tt, *»j!f»J7 10 
Afc^ftfcgJlfbSttfcfcSSf sli l ©!SfWx£ffl 

^Tn£gfc#y7AR{fc^WOTfrSft.SII 1 
tt, ^#y7A{fc£»*sJ:tfg3Rfl:3tt:&$SU 

off 6 ft* git*' >j ?Lmtsmmm%mic */ y 

aytfl x l o" fcl^Ll xioVcm 1 ©SSHft© 
SfiT* F-72ft3 <t 9 ftll^TS' 'J 3 Vft^ft*^« 

*y->*7A, #y$A:6*c«***frS{fc#y7A$ 20 

£tft$#y7A{[:^£^fcStifc££#u *o 
piscary >>A^ft:^ti¥Wl*«*{cv^ 

^7Atf 1 x l o" ft^L 1 X 1 0 2 ' / cm 3 £>S5fflrt 

iOKWSCfcaVT**. 30 
[0 0 12] ±ES 1 ©H*«Xt4, nS^ttftS** 
5fc«rc ttfjf* U\ ±ESB 1 ©nm#X{4, til 

3©Jf*WXtt, W*7;]/3-7A{t£**S5fc£tr 

[0 0 13] WT, Hffi*<M8LT*»W*2 5tBL 
< «HITf 3. 1 1 14, *aw©»b(f U 7AJfcfl:£ft¥ 
WKSKWTOHKitSI-t ©T**. toast*? 
fct> INKl l±fc, /<?7rli 2£ftLT, ngygft: 
tf'J 7A£ffcSftff$ttfr&&*3l l ©^77 Fli 3 40 

jff'J * Afcli&fcfcStfgffctfy 9AXfl3HltfWt I 
n. Ga.-. N (0<x<l) frS£3$SfrIl 4fc, 

p ssfctf y 7 A»fl:^ftj|m»^ s &3 n 2 © 7 ? 7 

Fl 1 5 atf«t«JI?tiT4a^;l^Nr nfflt©¥ 

[00 1 4] Sfil lttx ^77*7, SIC, ZnO 

S. A 7 7rll 2tt, A 1 N, Ga A 1 N, G a N« 
■WBWSCfctfTt^WIK). 002/im~0. 5// 50 
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mOJpSlCj&dtSftS,, G aNf4A 1 N <t D fe^©±t 
^^©i^Sft^y^A^b^W^^tS^-ltS 
t £#"?*£©?-, ;W77il 2(4, GaNTJMf 

TB, *taeAssttaiBLfci#ii¥3 - 8 9 8 4 o*§ 

fciB«2ftT:fc?), *7 7*7S1££ffi^7ci§£, 
©A 1 N/ , ;7 77«<};'5feGaNcj;t)4S/^-y7rli© 

7? *«sttt ftn^sft * y 7 ASfc^HNfcmi 6 

ft, SStejffS L<{ifiSc5$-tt < t9i:tSgO - y7A 
*ft^»*Wfti:H-ffl«*S-rS/^7r»*, ST 
*77*71tSLht{gfiT*fiEfi^«SCtfc t tt), 
^•y77ll©±[ca«^ft?,gfl:^y7ASft^W« 

*oiifttt*iai±?*s c twins, 

[0 0 1 5] IlC^77 FJfl 3(4, nSGaNtJ: 
9, *SW4*©Ca0-8MeA lTljftbfcGaA 1 

7FW4, Ga„ A 1. N (0^a<l) T'J&£t3 
t£tfT'*S 0 Mfc#y7ASHfcS»¥gfc«4, 7>F 
-7T*&nli;&314fttf£3tf, flUtfs i, Ce? 
© n S^lWtt* F-7LT»S nStet 3 t fc T* 

[0016] %XM l 4 ii, i/y ays \ tm^.m&x 
F-7$ftfc*V^*7A, tf'J 7Afc«fctfS**StrS 
fctf'J 7 A*ft^*iNW|c (In, Ga>, N : 0 < x 
< 1) fr£&3 0 t©S i F-7I n< G ai, Nfr?> 

7><D*W7tfZ%mmtLTm\ 6 0 0°C«±, 9 
Stfftln, Ga,-, N© 1 n©Jt*, t&t>*>x\&%: 

o<x<o. 5<Dmict%tm%%&%Kf)mt>t\ 

%o C©«£> xtt«, «FSL<tt0. 0 1<x<0. 
5©|gHT«S. xft^OiOAf <-r*ctlci;t), 
In, Ga h Nil 4^7tltLTffffi-r*o xfl 

^o. 5ix±(c4*t, zmKmm&t%%o 

[0 0 17] S5t, CCIn. Ga„ NSl4 4>t 
F-7YS^«» (F-^VF) liSifcU 

© s i (4 1 x i o" ~ i x i o 2 ' / c m 3 ommmH. 

$f$L<ttl x l o' 8 ~1 x l O 20 / cm ©jtgffiH 
fJTIn, Ga-, Nil 4 \C F-7?ftSC t^lS 

[0 0 18] Si F— 7 In, G a,-, NH 1 4 14, $? 
$L<{4 1 0^->yxhn-A~0. 
tL<ltO. 0 1/im~0. 1 /im©)f?t^-r*<l 
ttflSU\ ^©J??^l OTvyxhn-AJ:!)*. 
?f^6\ Sfc{40. 5/imJ:t)t)i^i:, +^5§7 , 6tB 

[0 0 1 9] I2©^77 FSl 5«, pSSGaNtJ: 
<0, ZZWiZiDG a©-35£A 1 X'&mLtcpMG a 
A 1 Nfc«fc9Jej£fSCfctf?£S. fft*3*. S2© 



7 

^77 Fll 5 ii, G a, -b A lb N (0^b< 1 ) 1? 

[0 0 2 0] Ltf)i2 0^7'V KM (pSS) 1 5i±. 
£nfc F-7£taS pSfl*g» ( K-/<y F) • 
S'SAMgfcU LfrbfQMgft lxio' 8 ~lx 
1 0 2 ' /cm 3 0»*eHrt1?S2©f 5 7 FJf 1 5iC 
F-T^ttSCfctflgTfcSo COfflMGH'rMgtf 

©*77FltLTffi^S;:tl;:<k'K S i F-7I n 
. Ga„ Nil 4Qmtt&**e>ti:fakZikZct 10 

[0 0 2 1] MgfcF-^LTrtftSftfcSfSflDCa 

k Alb Nitt, 

W*tf*ffiBA*<Jfek:fflBUfc"»HiF3-3 5 7 o 
4 6^tC|S«cLfc<t-9tc. 4 0 0"CJSLL £f$L<{±6 

0 0°C<tt) i!5l/>aST«7^- U V y*ff -aTffifitt© p 

[00 2 2] S2©f7-y FBI 5tt, 0. 05/tm~ 

i. 5iim<Dmic&i$,tzctwmLi<\ z<omz 

WO. OS/imiHiW^'y FEfcLTftfflUc 20 

[0 0 2 3] 03 fct, HI fc**«ig*£f Stfe&ft 
^Tfcfc^T, $20^77 FlT&SMg F-ypS 
GaNStfuDMgj&gfcl X 1 o" /cm t-felc 
U ^ftlTSS S i F-yi no., Gao.9 N1©S 

1 8fi*^fc«^t*t^T, ^©S iitSfctWfi 

®mi±2<%*), 1 X 1 o" ~1 X 1 O a /cm 3 ft 30 

«fc LT 9 0 %a±Offi»afi*S1-5»JtJlH t *g« 
* Sfcftfc, £%■ 1 4 K-7*Sft« S i m&* 1 
x l o" ~1 X l O 2 ' /cm 3 ©ffiHrtfct S&©T;fc 

[00 2 4] 3:7c, H4fi, |S|C<01 ©ffijI£frfS 
tfiSIMHIfftfc^T, BJWTfcS S i F-7 I n 
o., Can N1*©S 1 x l o" /cm 3 t 

-SlcL, ^2(0^77 FlT&SMg F-7pSG a 40 
N!*©Mgi&g£S*fcl&lC:fc^T\ ^©Mgria 

?. 0 B4fc**,fc$fc % Mg F-7pSgft#>J<7A£ 
ft£tl¥gftl£§l2©77 7 Flttfc*^ MgS 
SAM x l o" /cm 3 f*iS*iiS.4fcj8»fc58Jfc?S« 
«U l x i o 21 /cm 3 ft5fi*ia*Si:i:fcfi* 

t^'>-rsiaiBitfes 0 uoXs xmivit, Mg f— 
^psafcjyu^ibSffcfiWipiwMioMgftt*! x 

1 0" ~1 x l 0 2 ' /cm fcl/Clr'S. &Jb\ ±ES 
iilSfeitfMgitfttt, SIMS (H*-r*VRl» 50 
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[0 0 2 5] B5H\ Hi;<HlOl!Jfi**-rS»3t* 
?tfcl/>T, 8itlT&SS i Y-f 1 no., G aoo 

3SS**tfc»&fcH\ 1 0*>yxFn-A~0. 5 ft 
[0026] 

[002 71 Ml 

8lg©SS£l 0 5 0°C$T±if£-fch 
/ 7gfi0 * 'J - - > y fcff ^ „ 

[0 0 2 8] IS^T, fig* 5 1 0TC$TT»t\ 
7#XfcLT*j&£ffll,\ milXtlT7y±-7 

(NHs ) tTMG (HJ^ktfy^A) tZM^ 
T, -9-7r/7aig±tGaN^777-^^2 0 0 
*>yxFt3-A©JPJtfi8S?^S 0 

[0 0 2 9] ^777lfigg^ TMC©&©{tt|g£<f 
ikU SS£ 1 0 3 0°C$-c\LH2-eS„ 1 0 3 0°C\C 
iLft8> 'J 7#Xi:LTJB<r\ TM 

Gt^vtfx (s iH, ) t7>€^7^xi:^ffli/> 

T> 111 ©^77 F/itLTS i F-7nlGaNlJ& 
4 ^mOHJtCfiicfi^-ttSo 

[0 0 3 0] nfGaNi« ^H^^X©fi^^ 
tf±L, iSfi£8 0 O'CtcLT, *+U735fX^g^fc 
SmtfXfcLTTMG, TM I (F'J^^/b 
/>->"7A) , i/7>ftZis£lS7y*:-7tfXZm" 
T, ^7c«i: LT S i * 1 x 1 0 20 / c m 3 ©1ST F 
-7*tfc I nois Gaoss Nl^: 1 0 O^V^X Fn- 
A©@2t^5?-a:So 

[0 0 31] Si F-7 I ncis G ao. ss NfljjicSfl^ 
Hfc#X©«i&*fM:U StfSS* 1 0 2 0°CtT± 
ff*^ TM G, Cp 2 Mg (:>5tt^yf?Vx=.)l>-? 
>?%y^K) ^iHf7y^-7i}x^m"T, ^2©^ 
7 7 FlfcLTMg*2x 1 O 20 /cm 3 ©ilSTF- 
7*LfepS!GaNl*0. 8 /x m©(f^(CfigS2-(i:So 

[0 0 3 2] pSGaNlJSSft, ISfi*SlSS«^6 
UOtBU, 7i-'J>y*HfcTfflR»ffl«iti, 7 00 
°CT2 0^H7--'J y?m^\ »±1© P SG a N 

[0 0 3 3] W±©*7tLTffP 1 nfc5§7tlS?©pSI 
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GaNH, fcitfS i F-7I iuu Ga« N©-g[5 
pSlGaNJl, ^ilfnUG a NJffc*-* 7 . 

mm®, soon m fto^7 ^t* 7 h Ltc'&, 

fcflft\ *£W©Wfi^^*-K*ftS!Lfc. C© 
«Jt^-r*-KO»)lail*tt2 0mAfcfc^T2 OO/i 
WTfct), £-*&5ti4 0 5 nm-e£?fto 
[0 0 3 4] 0IJ2 

#1 1 tfei/>T. $ 1 ©?77 KSfcritfiStf^Igfcfc 
l^T, llfttfXfcLTTMG, i/^y^X, 7>*x7 10 
feitfTMA OlMf-;l/7/l/$:^A) S 
i F-7nlGa» Aim N!£ 2 ji m©JI£fc$ 

[00 3 5] S i K-/Ga« Ala, NJl©±fc N 
fl 1 tmmc LT S i^lxioVcm 3 ©iftSt? F 
-TXfcl ru,s Gao« N?gftl£ 1 0 0 tV^X F 

[003 6] S i F-^I no.. 5 Ca.. ti NS 

©±fc, MWXfcl/tTMG, Cp* Mg, TV*- 
71fXi8i:ZrnAMJX%m\ S2©^77 HJffcL 20 
TMg?2X10 ! '/cm J oaWTF-yi/fcpfflG 
an Ah, N1£0. 8^mfiScS$-tiSo 

[0037] ctuxRtttti kratttLT7=-y>y 

[0 0 3 8] 0IJ3 

WSiH-7lnui G a.. B N«©Si7M£lx 30 

i o 22 /cm t Ltcm&nmm i mwc tzm 

»W*-K*flfctf, c©5g}t#'r*-K©$M 
AttW l ©aft^Y*- Kofi 2 0%T-afe^fco 

[0 0 3 9] $4 

Mltfi^T, Cp 2 Mg#X©gt»£'>&< LT, % 
2<Dt?«; FJfT*&3p§iGaN®©MgSa£l x l 

o" / c m 3 t Lfcwji-ttw 1 2:n«(c i/Ttfaajt^ 

'ft- F*»fctf, c©5gft?V*- FOfBAttfl l © 
[0 0 4 0] 40 
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^•vFltU #£t© S i * F-7Lfc I n, Ga 
pf!8fc#y9Afl:^¥tWtti*®2©*7»; FHfc 

[0041] cntwu fie*©*^^!©^* 

pSGaNJIfcF-^SftfcZn, MgH©^iifi 

%ftt°-^©¥{Ms«fe<fc^6 0nmT£fK ft 

I n G a Nl©/*> Fffl58ft£?!lffl-r*©?iMt 
<"i^#^tR < , 2 5 n 0 , 

frt, *«U!k:fct>T* in, Can N 

© I n ©it^ T x {A<DWB*MZI,$ 0 . 0 5 < 
x<0. 5i:-r?.ci:lc<fcoT, ?g^&^fc<k^380 
nm*>5 5 0 0 nm£T*£z.%£ttfT'% 

[0 0 4 2] #5§BJf©¥*f*?§ftltm JGLhaKfcft 

CHiS©iK#a«iW] 

[ia i ] *m<Dmmm?(D~mmzmm£%i 

ffi0o 

[02] m<D¥m%m?<D~mm*tm&m 

00 

[0 3] *»W©^Wft58}fc*?(D5gJtt«+©S i«S 

[0 4] *»^#1M?I2(?)^77 K»tp© 
Mgftftfc, *©8)^?©fflft5^Sfc©l»*** 
fH. 

[0 5] *8i|li©iNW*&^?©B}fcH0flgjp^ * 

1 1 -SIR 

1 2-^77 71 

1 3-flH©*5y K® 

1 4 

1 5-J&2©*5* KB 
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